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response of seeD germination of tunisian ALLIUM AMPELOPRASUM  
to temperature anD salt stresses
chedia Guenaoui1,*, saleh ksiksi taouFik2, samira sMiti3 & mohamed neFFati1
résumé.— Réponse à la température et à la salinité de la germination des semences d’allium ampe-
loprasum en Tunisie.— la salinité et les températures élevées sont les principaux problèmes inhibant la 
germination des semences et menaçant le couvert végétal dans les environnements arides comme c’est le 
cas dans certaines régions de tunisie. ainsi, pour réhabiliter ces régions, des espèces adaptées peuvent être 
utilisées pour contourner ces contraintes environnementales. Dans la présente étude, on a évalué l’effet du 
sel et de la température sur la germination des semences d’allium ampeloprasum de deux îles tunisiennes 
(Kneiss & Djerba). trois températures (15° c, 23° c & 30° c) et quatre niveaux de salinité (0, 75, 150 & 
225 mm nacl) ont été testés à une photopériode de 10 h. les deux populations étudiées ont montré des 
comportements similaires. l’optimum thermique pour la germination a été de 15° c. la germination a été 
inhibée par une augmentation de température et de salinité. Le sel a diminué le taux de germination finale et 
le pourcentage de germination (pg%). le délai de germination (T0) et le temps pour 50 % de germination 
(T50) ont augmenté significativement en réponse à une augmentation de la température et de la salinité. Une 
interaction entre la salinité et la température a complètement inhibé la germination à 30° c avec 225 mm 
nacl. les semences transférées à l’eau distillée ont montré un pourcentage de recouvrement variant de 0 à 
40,6 %. le test de viabilité a montré que toutes les semences non germées étaient viables, prouvant ainsi que 
a. ampeloprasum adopte une stratégie d’inhibition temporaire de germination pour survivre à des hautes 
températures et salinités. a. ampeloprasum peut être classifié comme une espèce modérément tolérante.
summary.— high salinity and temperature are major problems inhibiting seeds germination and threate-
ning plant cover in arid environment such as the conditions in some regions in tunisia. thus, the use of adapted 
species to rehabilitate these regions could be an alternative to overcome these environmental constraints. in the 
present study, we intended to evaluate the effect of salt and temperature on seed germination of the wild leek 
(a. ampeloprasum l.) from two different tunisian islands (Kneiss & Djerba). three temperatures (15° c, 23° 
c & 30° c) and four salinity levels (0, 75, 150 & 225 mm nacl) were tested in a 14 h dark:10 h light photope-
riod. the two studied populations showed a similar behaviour. the optimum temperature for seed germination 
was 15° c. germination was inhibited by an increase in both temperature and salinity. salt stress decreased 
both the final germination rate and the final germination percentage (PG%). Delay of germination (T0) and 
the time to half of germination (T50) significantly (p < 0.05) increased in response to salt and temperature 
increasing. an interaction between salinity and temperature completely inhibited germination in 225 mm nacl 
at 30° c. seeds transferred from salt solution to distilled water showed a recovery percentage (r%) varying 
from 0 to 40.6 %. Viability test showed that all non-germinated seeds were alive proving that a. ampeloprasum 
adopted a strategy of temporal inhibition of germination to survive under salt and temperatures increasing. as 
such it could be classified as a moderately salt tolerant species.
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the genus allium, family of alliaceaea, includes more than 700 species (stearn, 1980; hanelt 
et al., 1992). the adaptation to the wide array of geo-climatic conditions resulted in a consid-
erable polymorphism (hanelt et al., 1992) and complicated the taxonomic analysis within the 
genus. The latest intrageneric classification divided the genus allium into 15 subgenera and 72 
sections (friesen et al., 2006). the subgenus allium is the largest, comprising around 280 species 
(hanelt et al., 1992), 114 of which compose its largest section, allium (mathew, 1996). many 
vegetables in allium genus are economically interesting and used mainly for their unique flavours 
(Havey, 1999). They produce health-enhancing compounds such as flavonoids (Havey, 1999) and 
they have been known as rich sources of secondary metabolites with interesting biological activi-
ties (augusti, 1990; Block, 1992). hsing et al. (2002) affirmed that the consumption of allium 
vegetables reduced the risk of prostate cancer. allium ampeloprasum l., locally known as “kur-
rat” in tunisia, a wild leek species, originates from the mediterranean region and southwest asia 
(figliuolo & mang, 2010). it includes wild cytotypes phenotypically homogeneous along with 
their domesticated relatives (figliuolo & Di stefano, 2007). it has a high economic value (havey, 
1999). figliuolo & mang (2010) indicated that a. ampeloprasum has economic significance for 
direct use and breeding. It is rich in flavonoids such as myrecitin, kaemferol and quercitin (Hor-
bowicz & Kotlińska, 2000), responsible for anticarcinogenic and antithrombotic activities (Havey, 
1999). many allium species (allium roseum l., allium cepa l., allium sativum l.) were well stud-
ied in the world as well as in tunisia (najjaa et al. 2007; leporatti & ghedira, 2009; Zammouri et 
al. 2009; guetat et al. 2010). however, the main interest given to allium ampeloprasum l., in the 
world, was for morphological, cytological and molecular analysis (figliuolo & Di stefano, 2007; 
figliuolo & mang, 2010). in tunisia, no work has been published on allium ampeloprasum l., 
although it is widely distributed and commonly used in local foods. herein, we report the effect of 
temperature and salt stresses on the germination behaviour of allium ampeloprasum l. seeds, col-
lected from two different tunisian islands, Kneiss and Djerba. these two regions are dominated 
by arid conditions and salt soils and thus native species are suggested to be resistant to such envi-
ronment. philips et al. (2010) noted that the aspects of germination characteristics among allium 
species are suggested to closely reflect their particular environment. 
the successful establishment of plants in arid regions is often limited by temperature 
(Oberbauer & Miller, 1982; Jordan & Haferkamp, 1989; Evans & Etherington, 1990). The 
loss of vegetation always results in soil erosion and loss of wildlife habitat and food resources 
(Ksiksi et al., 2006). seed germination is one of the most salt-sensitive plant growth stages 
(Vicente et al., 2004). the whole seed germination period includes imbibition, protrusion, 
germination, and seedling establishment stages, and at any stage salt injury is disadvantageous 
to seed germination (parida & Das, 2005). increase in salt level inhibits seeds germination 
(sosa et al. 2005) and provokes a reduction in seeds germination percentage and a delay in the 
time to germinate (ungar, 1982; phillipupillai & ungar, 1984; Khan & ungar, 1996; Keiffer 
& ungar, 1997). Khan & ungar (1998) considered this delay of germination as an adaptation 
strategy that avoids seedling mortality under high salinities. 
moreover, when salt concentrations overpass the tolerance limits of the species they can 
completely inhibit seed germination (ungar, 1991). seed germination tolerance to salinity can 
be determined by the temperature-salinity interaction and in some species optimal tempera-
ture generally reduces the detrimental effect of salinity contrary to higher temperatures (el-
Keblawy & al-rawai, 2005). following high precipitation, soil salinity decreases and changes 
in osmotic potential of soils narrow the range of temperature favourable for seeds germina-
tion (Hegarty, 1978). Moreover, different species approved that responses were significantly 
affected by changes in temperature regimes to which seeds were exposed (Khan & ungar, 
1996, 1997, 1998a, b, 1999; Khan & gul, 1998).
the knowledge of germination behaviour may be useful to evaluate the germination 
characteristics or the establishment potential of allium ampeloprasum l. the purpose of our 
investigation was to examine the effects of temperature and salt on seed germination of allium 
ampeloprasum l. so as to determine the upper level of salt and temperature tolerance, which 
can be considered as a benchmark for irrigation with seawater and would help in developing 
possible methodology of introduction of a. ampeloprasum species to rehabilitate saline and arid 
regions.
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material anD methoDs
plant material
seeds of allium ampeloprasum L. were collected from plants installed in the experimental field of the Institute of 
arid regions of medenine, tunisia. these plants were transplanted from two different islands in tunisia, Kneiss and 
Djerba (tab. i). 
eXperimental proceDure
once matured, seeds of allium ampeloprasum were separated from inflorescences and stored at ambient temperature 
(25-30° C). Germination was carried out in 90 mm Petri dishes containing two disks of Whatman No. 1 filter papers 
with 5 ml of test solution of four different nacl concentrations (0 mm; 75 mm, 150 mm and 225 mm), separately. four 
replicates of 25 seeds each were used for each treatment. seeds were germinated in incubators at constant temperature 
of either15° c, 23° c or 30° c with 10/14-h day/night. seeds were considered to be germinated with radicle emergence. 
Every two days the number of germinated seeds on each Petri dish was observed and the final germination percentage 
was determined. For each treatment, we calculated the number of days taken for the first seed to germinate, delay of 
germination (T0) and the time (in days) taken for half of those seeds that germinated by the end of the experiment to 
germinate (T50), as an estimate of the speed of germination (Barnea et al., 1991; traveset et al., 2001). the rate of 
germination was estimated by using modified Timson’s index of germination velocity which is as follows: ΣG/t, where 
g is percentage of seed germination at 2-day intervals, and t is total germination period (Khan & ungar, 1984). the 
higher the value the more rapid the germination is. subsequently, non-germinated seeds were transferred to distilled 
water to study the recovery of germination, which was also recorded at 2-day intervals for 14 additional days. the 
recovery percentage was determined following pujol et al. (2000), using the formula: [(a - b)/(c - b)]x100, where a is 
the total number of seeds germinated after being transferred to distilled water, b is the total number of seeds germinated 
in saline solution and c is the total number of seeds. By the end of the experiment, non-germinated seeds were tested for 
viability via tetrazolium (tZ) test using 2,3,5,- triphenyltetrazolium chloride at 0.5% (v/v). this colourless solution is 
taken up by seeds and then reacts with respiratory enzymes (dehydrogenases) to form an insoluble light pink (magenta) 
precipitant. tissues that are alive and respiring will stain, and those that are not alive will not (aosa, 2000).
statistical analysis
germination data were analysed using spss for Windows release 17 (spss, 2008). a Duncan test was used to 
determine significant differences (p < 0.05) between means.
results
effects of temperature anD salinity on germination
optimal germination of allium ampeloprasum in 10/14 hr day/night occurred in distilled 
water. over 80 % (80.8 for Djerba and 90.4 % for Kneiss) of seeds in the control sample (0 
mM NaCl) had already germinated after 10 days at 15 °C (Fig. 1). Differences in final germi-
nation percentage (PG%) between 0 and 75 mM NaCl were not significant (p > 0.05) for both 
Djerba and Kneiss at 15° C. One-way ANOVA showed significant effect of temperature (p < 
0.05) on germination of the two studied populations. seed germination was higher and more 
rapid at 15°c in comparison to the other two tested temperatures (fig. 1 & 2; tab. ii). in non-
salt condition, the delay of germination (t0) was about 5 days for both Djerba and Kneiss at 
15° c and increased to 20 days and 15 days at 30° c for Djerba and Kneiss, respectively (tab. 
ii). t50 was about 7 days for both Djerba and Kneiss at 15°c and increased by 3 and 1 day at 
23°c, for Djerba and Kneiss, respectively. at 30° c, seeds germination did not reach 50 %, 
neither for Djerba nor for Kneiss (fig. 2). final germination percentage decreased from 63 % 
in both Djerba and Kneiss populations in non-salt water to 51 % and 55.4 % in 75mm nacl, 
to 48 % and 51.2 % in 150mm and to 38 % and 30 % in 225mm nacl, for Djerba and Kneiss 
populations, respectively (fig. 3). however, one-way anoVa showed that these decreases 
were not significant (p > 0.05) for the two populations. The decrease in final germination per-
centage under salt stress and temperature increasing was accompanied by an increase in mtg 
(Fig. 2 & 3). Two-way ANOVA showed a significant effect of temperature (p < 0.05), salinity 
(p < 0.05) and their interaction (p < 0.05) on mtg for both Djerba and Kneiss.
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taBle i
Geographical coordinates, altitude, bioclimatic zones and soil type of the sampling localities of the studied 
populations of a. ampeloprasum L. in Tunisia
origin genepool Bioclimatic zonea
latitude  
(n)
longitude 
(e) altitude (m) soil type
Kneiss Wild atW 34.2203 10.1859 0 halomorphic salted sabkha soil
Djerba Wild aWW 33.4820 11.0148 2 halomorphic salted steppe soils
a The bioclimatic zones are defined according to the Emberger’s pluviothermic coefficient Q2 (emberger, 1966): q2= 
2000*p/(m2-m2) where, p is the yearly average in mm of the pluviometry, m is the average of the most elevated 
temperatures of the hottest month and m is the average of the lowest temperature of the coldest month. atW: arid at 
temperate winter, aWW: arid at warm winter.
taBle ii
Variation of T0, T50 and cumulative germination percentage of allium ampeloprasum L. seeds in saline solutions of 
nacl at different temperatures (15°c, 23°c & 30°c)
independant variables t0 t50 germination (%)
temperature (°c) nacl (mm) Djerba Kneiss Djerba Kneiss Djerba Kneiss
15 0 5.6 ± 3.0a 5.6 ± 2.0a 7.4 ± 1.4a 7.6 ± 1.4a 90.4 ± 4.1a 92.0 ± 4.2a
75 7.6 ± 2.0ab 6.2 ± 2.0a 10.4 ± 1.0b 8.6 ± 1.4a 96.8 ± 2.3a 93.6 ± 2.0a
150 10.4 ± 3.0bc 7.6 ± 2.0b 17.2 ± 1.4c 9.6 ± 1.4a 87.2 ± 2ab 92.0 ± 2.5a
225 13.0 ± 2.0c 10.6 ± 2.0c 21.8 ± 2.9d 16.6 ± 1.4b 83.2 ± 5.1b 68.0 ± 4.6b
23 0 5.6 ± 2.0a 5.0 ± 2.0a 12.4 ± 1.4a 10.0 ± 1.4a 75.2 ± 7.3a 97.6 ± 1.6a
75 9.3 ± 2.0b 5.2 ± 1.0a 24.6 ± 1.8b 14.0 ± 1.6ab 51.2 ± 10b 72.8 ± 9.0b
150 14.7 ± 2.0b 8.0 ± 1.3b 27.0 ± 1.8b 22.2 ± 1.6b 52.8 ± 5.2ab 61.6 ± 5.1b
225 21.0 ± 1.0c 17.0 ± 2.0c .a .a 32.8 ± 7.1b 24.8 ± 4.3c
30 0 20.0 ± 2.0a 15.7 ± 1.3 .a .a 7.2 ± 4.4a 0.8 ± 0.9a
75 21.8 ± 5.0a .a .a .a 6.4 ± 3.7b 0 ± 0b
150 22.0 ± 7.0a .a .a .a 4.8 ± 2.3b 0 ± 0b
225 23.1 ± 3.0a .a .a .a 0.8 ± 0.8b 0 ± 0b
Values are means ± S.E. (n = 5). Means within a column that have a different letter are significantly different at P < 
0.05, Duncan test.
a t0 values could not be estimated because germination percentage was < 0 % and t50 values could not be estimated 
because germination percentage was < 0 %. therefore, these treatments were excluded from anoVa.
the data demonstrate a diminution in germination rate with the increase in temperature 
and nacl concentration, for both studied populations (fig. 4). highest rates of germination 
(33.7 % for Djerba and 36.9 % for Kneiss) were obtained at 15° c in distilled water. salt water 
and temperature increases, individually and their interaction, significantly (p < 0.05) affected 
the rate of seeds germination of allium ampeloprasum l. of the two studied populations. low-
est rate of germination was observed at 30° c in 225 mm nacl where it was less than 1 % for 
both Djerba and Kneiss.
effects of temperature anD salt treatments on germination recoVery
after 26 days of salinity treatment, non-germinated seeds were transferred to distilled 
water to examine their ability to recover germination. seeds germination recovery from salinity 
stress is shown in table iii. the percentage of recovery varied from 0 to 40.6 % within seeds 
from Djerba and from 0 to 26.6 % for those from Kneiss (tab. iii). these percentages decreased 
especially at 30° c for both Djerba and Kneiss. at 15° c, seeds from Djerba previously treated 
in 75 mm nacl and those from Kneiss previously treated in 225 mm nacl, were unable to 
recover (0 %). according to one-way anoVa, the effect of salt treatment in the recovering 
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percentage was not significant for seeds from Kneiss (p > 0.05). For seeds from Djerba, the 
differences in R (%) were significant only at 15° C and 30° C (p < 0.05).
the test of viability via tetrazolium test, applied by the end of the experiment showed a 
high seed viability (Tab. III). The salinity, temperature and their interaction have no significant 
effect on the seeds viability (p > 0.05). the percentages of viability after treatments varied from 
93.3 to 100 %. 
figure 1.— cumulative germination percentage of seeds of allium ampeloprasum l. from Djerba (left) and Kneiss 
(right) in salt water ( 0; 75; 150 and 225 mM) at 15° C, 23° C and 30° C. Values of the final germination percentage 
(Mean ± S.E.) having the same letter are not significantly different at P < 0.05, Duncan test. (n=5).
 – 404  –
Figure 2.— Variation of final germination percentage and mean time to germinate for seeds of allium ampeloprasum 
l. at 10° c, 23° c and 30° c. Values are means ± se from the nacl treatments (0; 75; 150 and 225 mm) (n = 5). means 
for each temperature treatment that have different letters are significantly different at P < 0.05, Duncan test.
Figure 3.— Variation of final germination percentage and mean time to germinate for seeds of allium ampeloprasum l. 
under 0 to 225 mm nacl salinity. Values are means ± se from the three temperatures (15; 23 and 30°c) (n = 5). means 
for each salinity concentration that have different letters are significantly different at P < 0.05, Duncan test.
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figure 4.— Variation of germination rate (%) of seeds of allium ampeloprasum l. germinated under 0 to 225 mm 
nacl salinity, at 10° c, 23° c and 30° c. means ± se (n = 5). for each temperature, means that have different letters 
are significantly different at P < 0.05, Duncan test.
taBle iii
Recovery and viability percentages of non-germinated seeds of allium ampeloprasum L. at different temperatures 
(15; 23 & 30° c) after transfer from nacl solutions (0; 75; 150 & 225 mM) to distilled water
independant variables recovery (%) Viability (%)
temperature (°c) nacl (mm) Djerba Kneiss Djerba Kneiss
15 0 2.8 ± 2.8 20.0 ± 20.a 96.6 ± 2.9a 93.3 ± 1.9a
75 0 ± 0a 6.6 ± 6.6a 98.3 ± 0.5a 95.1 ± 2.9a
150 10.6 ± 6.8a 26.6 ± 19.4a 97.0 ± 2.9a 95.5 ± 3.4a
225 40.6 ± 15.2b ± 0a 97.2 ± 2.1a 94.3 ± 3.9a
23 0 25.7 ± 19.3a 0 ± 0a 95.5 ± 3.1a 100.0 ± 0a
75 3.7 ± 2.3a 7.6 ± 4.7a 96.9 ± 2.9a 96.6 ± 3.9a
150 18.3 ± 6.0a 9.5 ± 4.0b 98.5 ± 0.1a 95.1 ± 3.9a
225 12.9 ± 5.0a 7.7 ± 1.9ab 97.7 ± 1.9a 98.0 ± 1.9a
30 0 8.2 ± 2.7a 3.2 ± 3.2a 97.8 ± 3.9a 98.3 ± 0.9a
75 0 ± 0a 0 ±0a 98.2± 0.9a 98.4 ± 1.9a
150 2.4 ± 2.4a 0.8 ± 0.8a 98.2 ± 0.9a 99.2 ± 0.7
225 0 ± 0a 0 ± 0a 98.3 ± 0.2a 98.4 ± 1.9
Values are means ± S.E. (n = 5). Means within a column that have a different letter are significantly different at P < 
0.05, Duncan test.
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Discussion
the result of our germination experiments showed high seed germination capacity at 15° 
C and 23° C. This result is in agreement with the finding of Specht & Keller (1997) who recom-
mended testing allium subgenus species at 16° c. at 15° c, germination percentage of seeds 
overlapped 87 % in 0 mm, 75 mm and 150 mm nacl and the lowest percentage (68.4 %) was 
found in 225 mM with seeds from Kneiss (Tab. II). At 23° C, final germination overreached 
50 % except in 225 mm nacl where it was 32.8 % for Djerba and 24.8 % for Kneiss (tab. ii). 
these results demonstrated an adaptation of the two studied populations to the applied salt 
concentrations. these populations originated from two islands in south tunisia, Djerba and 
Kneiss, where dominate an arid climate and a halomorphic salty soil. thus, results strongly 
suggested that aspects of germination characteristics in these two populations of allium ampe-
loprasum closely reflect the particular environment found at each original site. Similar habitat-
specific germination behaviour was reported for some intermountain allium species (phillips 
et al., 2010) and for other species (skoridilis & thanos, 1995; cavieres & arroyo, 2000). the 
inhibition of germination under salt treatment at 30° c, observed especially within seeds from 
Kneiss, could be considered as an effect of salinity and salinity-temperature interaction. this 
interpretation was also given by Khan & ungar (1998) who indicated that the inhibitory effect 
of salinity at higher temperatures prevents seeds from germination in salt-affected habitats.
although they were transferred to distilled water for additional 14 days, at the same tem-
perature, the non-germinated seeds did not completely recover their germination (tab. iii). the 
highest recovering (40.6 %) was observed within the population of Djerba for seeds previously 
treated in 225 mm nacl at 15° c, contrarily to those previously in the same salt level but at 
30° c. equally, Khan & ungar (1998b) indicated that seeds of suaeda fruticosa recovered after 
transfer from hypersaline conditions to distilled water at all temperatures, but specified that 
only seeds exposed to high salinity at lower temperatures showed salt stimulation of germina-
tion. that was not the case for seeds from Kneiss when transferred from 225 to 0 mm at 15°c, 
and R (%) was null. This contradiction could be attributed to a habitat-specific germination 
behaviour. indeed, allium species from different habitats show different germination mecha-
nisms and different responses to environmental conditions (Kamenetsky & gutterman, 2000).
these observations demonstrate also that not only salt but even temperature is a limiting 
factor. similar conclusion about temperature effect has been reported in literature (oberbauer 
& Miller, 1982; Jordan & Haferkamp, 1989; Evans & Etherington, 1990). El-Keblawy & 
al-rawai (2005) showed that optimal temperature generally reduces the detrimental effect of 
salinity contrarily to higher temperatures. low recovering percentages were also observed for 
seeds from Djerba treated at 15° c in 75 mm nacl, and for seeds from Kneiss treated at 23° 
c in 0 mm nacl. this could be attributed to the need for a longer period of recovering than 
we provided. in their original habitats and during the season of germination, september and 
october, these seeds naturally submit to a decrease in temperature and a long precipitation 
period contributing to a decrease in soil salinity level. these changes in osmotic potential 
of soils narrow the range of temperature favourable for seeds germination (hegarty, 1978). 
thus, it is likely that two weeks might not be enough to recover their germination. likewise, 
phillips et al. (2010) stated that twenty-four weeks of cold moist chilling were not enough to 
increase seeds germination of allium brandegei that may naturally experience thirty weeks of 
continuous snow cover.
it is also interesting to note the rise and fall variations in r (%) between salt treatments 
at the same temperature. Although differences were not significant (P > 0.05), only for Kneiss 
at 15° c (p < 0.05) and 30° c (p < 0.05), r (%) showed a clear trend to decrease from 0 to 75 
mm nacl, followed by an increase from 75 to 150 mm nacl within the two populations. the 
recovery percentage diminished again from 150 to 225 mm nacl, excepting seeds from Djerba 
at 15°c, where r (%) increased from 10.6 % (150 mm nacl) to 40.6 % (225 mm nacl). these 
fluctuations in recovery responses could be due to the difference in the temperature regime 
to which seeds were exposed. many germination studies with different species approved that 
responses were significantly affected by changes in temperature regimes (Khan & Ungar, 1996, 
1997, 1998a, b, 1999; Khan & gul, 1998). 
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the high viability percentage (> 90 %) showed that the inhibition of germination under 
salt and temperature stresses is an adaptive strategy adopted by this species to survive under the 
unfavourable conditions. similar behaviour has been signalled by Khan & ungar (1998) who 
noted that the delay of germination under salty conditions is an adaptive strategy that avoids 
seedling mortality under high salinities. 
these experiments afford new information concerning germination ecophysiology of 
tunisian allium ampeloprasum. the studied ecotypes showed an interesting ability to maintain 
seed viability during exposure to high saline conditions and they were able also to ensure their 
germination and may just need more than 2 weeks to recover once salinity stress is removed. 
This current understanding of the influence of habitat on germination traits in this species will 
aid in the development of seed specific propagation strategies that contribute to rehabilitation 
of arid regions.
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